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ABSTRACT 

This repor t  covers the second 4-month period of Contract No. 
NAS 5-1 1579.  The object of this program i s  to design a lightweight, experi-  
mental, f ive-cell ,  12 amp-hr ,  s i lver-zinc battery f o r  space application that 
incorporates many technology and design improvements for  the purpose of 
achieving bet ter  cycle life and performance,  

The cur ren t  battery fabrication status i s  reported,  along with addi- 
tional information on the methods that will be used to  incorporate  the many 
separately developed silver-zinc technology improvements into the bat ter ies  
for  this program.  A complete battery fabrication logic char t ,  and a drawing 
and specification package a r e  contained in this report .  
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1 . 0  INTRODUCTION 

This r epor t  covers  the second 4-month period of activity on this con- 
t r ac t .  In general ,  this p rog ram has three main objectives: 

1 ) The integration of Government- sponsored s i lver-zinc battery 
improvements along with Hughes aerospace packaging concepts 
to enhance the performance of the s i lver-zinc bat tery sys tem 
fo r  space applications. 

2) The reduction of battery package weight by 20  to 30 percent  
compared to s ta te-of- the-ar t  bat ter ies  utilizing individual 
cel ls  and associated hardware.  

3 )  The design, fabrication, and delivery of six, five-cell  12 amp-hr ,  
nonmagnetic, experimental  s i lver-zinc bat ter ies  to NASA-GSFC , 

Many Government-sponsored technology contracts over the l a s t  3 to 4 
y e a r s  have led to specific improvements in the s i lver-zinc sys t em,  
while improved components (i. e . ,  plates,  separa tors ,  and s e a l s )  have been 
developed on independent p rograms ,  there  has  been l i t t le effort made to in- 
corporate  seve ra l  of these improvements into one s i lver-zinc bat tery.  The 
purpose of this p rogram is to combine severa l  independently developed i m -  
provements,  along with l ighter weight aerospace packaging, into one battery 
designed for  optimum performance.  

However, 

During this reporting period, the bat tery design, developed during 
the last reporting period, was documented with the drawings and specifica- 
tions included in Appendix I and 11, respectively, of this repor t .  Also, o rde r s  
have been placed for  a l l  ma jo r  and most  minor  component pa r t s  of the battery 
assembly.  
plete manufacturing sequence to b e  used for  this 12 amp-hr  battery 
assembly . 

A fabrication logic char t  i s  presented that i l lus t ra tes  the com- 

A core  shifting problem has  been encountered in injection molding the 
five-cell  monoblock case .  However, it i s  not considered to be  insolvable, 
Details a r e  reported in Section 2 .  1. 1.  There  has  been some slippage in the 
delivery schedule fo r  the s i lver  and zinc oxide plates f r o m  ESB, Inc . ,  but a 
firm delivery date will be negotiated shortly.  
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In re t rospec t ,  perhaps the bat tery design developed during this con- 
t r ac t  i s  m o r e  complex than anticipated; but this degree of complexity i s  
necessary  to p e r m i t  a valid comparison of the cumulative improvements,  
such as: 

1) Elimination of U-fold 

2 )  Microfuel cell 

3 )  Improved separa tor  system 

4) Use of common gas manifold 

5 )  Use of near ly  draft  angle-free cel l  jar 

6 )  Lightweight packaging incorporated in bat tery design 

It should be noted that this battery is  designed a s  a t e s t  vehicle built 
to space environmental requirements ,  If th is  bat tery design should demon- 
s t ra te  super ior  performance character is t ics  during the planned test p ro -  
grams,  par t icular ly  regarding wet stand and cycle life, then the design can 
readily be upgraded to flight battery s ta tus .  If the design goal of 3 yea r s  in 
synchronous o rb ip i s  achieved by laboratory testing of these bat ter ies ,  t he re  
will be no question concerning the need for  the salient features  of this bat tery 
fo r  a l l  future s i lver-zinc space ba t te r ies .  

In br ief ,  the main effort during this 4-month reporting period was 
directed toward 1) documentation of the design developed during the f i rs t  
reporting period ( see  Appendices I and 11) and 2 )  initiation of the fabrication 
of battery p a r t s .  

‘:Synchronous orb i t  for test purposes is defined as  90 charge/discharge cycles 
per year  composed of a 23-hour charge period followed b y  a 1-hour discharge 
period. 
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2 . 0  TECHNICAL DISCUSSION 

2 . 1  PACKAGE PARTS 

2 .  1 .  1 Battery Case 

Two attempts have been made by Jupiter Engineering to injection 
mold the five-cell  battery case,  P / N  3182793. These t r i a l  runs have been 
made using SAN (styrene acryloni t r i le)  because of its transparency rather  
than with the Noryl (styrene-polyphenylene oxide alloy) that  will be used for  
the actual bat tery case ,  The Noryl 731-701 i s  anopaque mater ia l .  

The cases  produced during the first two t r i a l  runs indicated tha t there  
is  no problem in filling a wall approximately 4 . 5  inches high by 0.080 to 
0 . 1 1 0  inch thick. This had been a major  concern.  However, the main prob-  
l e m  experienced with the f i r s t  two cases  was co re  shifting. This core  shift- 
ing probably is caused by inadequate support of the co res  at the baseplate, 
combined with the use of a single sprue directly over the center core .  

A third SAN case  was molded following modification of the tooling to 
include two 0.0625-inch diameter  pilot pins for  each of the five co res .  These 
pins were  located in the mold base  and mated with the cores  upon closure.  
Unfortunately, these pins sheared apar t  during this  third run permitting the 
co res  to shift apa r t  again. 
co r rec t  this problem. 
case  was fabricated at minimum cost because of the limited number of cases  
required for  this contract;  but, in  addition, the requirement for  a nearly 
d ra f t  angle-free cell  j a r  definitely is pushing the s ta te  of the art  for  multi-  
cavity injection molds.  Fu r the r  modification of this tooling will be accom- 
plished within the cost  s t ruc ture  dictated by the need for  only s ix  o r  eight 
ca ses  ra ther  than fo r  a 1a.rger quantity. 

Several  possible solutions a r e  under study to 
It should be understood that the tooling for  this battery 

A copy of the la tes t  case  drawing, 3182793, i s  included in Appendix I 
of this repor t  for  reference.  

2 . 1 . 2  Battery Cover 

The bat tery cover,  P / N  X3182729, will be machined ra ther  than in-  
jection molded because of the limited number of covers  required and the high 
cost  associated with the development of the injection mold tooling, Should it 
subsequently b e  necessary  to manufacture a l a r g e r  quantity of bat ter ies  for  
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use  on a satell i te program,  injection molded covers  would be required be-  
cause of the unknown inc rease  in the degree of surface s t r e s s e s  producedby 
a machining operation. 
machining to minimize the probability of s t r e s s  cracking. 

The covers  for  this p r o g r a m  will be annealed a f t e r  

The bat tery cover i s  perhaps the most  important pa r t  of the battery 
packaging because i t  directly interfaces with the following other components : 

I )  Battery case  

2 )  P la te  tabs 

3 )  Cell  interconnects 

4) Manifold l id 

5 )  Connector 

6 )  Microfuel cell  assembly 

7 )  Semipermeable membranes  

8 )  Wiring, e tc .  

A purchase o rde r  has  been placed with Real  Ar t  P las t ic  Company, 
Delivery is Los Angeles, for  machined bat tery covers  and manifold l i d s ,  

scheduled f o r  7 Apri l  1969. 

2 .  1 . 3  Separator F r a m e s  

Teksun Incorporated,  Los Angeles, has  completed delivery of both 
Hughes Quality Control the positive and negative plate separator  f r a m e s .  

h a s  measured  these f r ames  and found them in conformance to Drawing 
X3182856. A copy of this drawing i s  included in  Appendix I .  

Several  injection molding companies considered this to be  an impos-  
sible job f r o m  the standpoint that the notch required for  the s i lver  plate tabs 
permit ted only 0.010-inch thick Noryl at that point. 
themselves were very  thin, i . e . ,  0 , 0 2 1  and 0 . 0 2 9  inch thick. Teksun ac- 
complished this job by u s e  of multiple gates,  and, in par t icular ,  with the use 
of gates directly into the thin notch a r e a s  of the f r a m e s .  
graph of two separa tor  f r ames ,  along with a complete t r e e  showing the mul-  
tiple gate configuration required to produce these pa r t s .  

Fur ther ,  the f r ames  

Figure I i s  a photo- 

2 .  1 . 4  Manifold Cover 

The manifold cover is currently being machined by Real A r t  P las t ic  
Refer to the comments in Section 2 .  1 . 2  f o r  fur ther  information. Company 

A copy of Drawing X3182883 is included in  Appendix I f o r  reference.  
is a siniF e par t  to machine,  so no problems a r e  anticipated. 

This 
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2 . 2  ELECTRICAL BUS AND INSTRUMENTATION CONNECTIONS 

2 . 2 .  1 Bus Interconnects 

The OFHC copper interconnects se rve  two purposes .  F i r s t ,  they 
collect the tabs f r o m  a l l  positive o r  negative plates in one cell,  and thus 
se rve  a s  a lightweight collector comb o r  te rmina l .  Second, the intercon- 
nects a l ready providing the function of an intracel l  connector a lso provide 
the intercel l  s e r i e s  connections fo r  the five-cell  bat tery.  These bus inter-  
connects a r e  described in Drawings X3128884 and X3128885, included in 
Appendix I .  These pa r t s  a r e  current ly  being machined within Hughes, 

2 . 2 . 2  Instrumentation Wiring 

Voltage instrumentation leads will be brought out f r o m  the appropri  - 
ate  interconnects to the connector to provide a means for  monitoring indivi- 
dual cell  voltages during bat tery operation. Because the interconnects will 
be potted in  epoxy, the instrumentation wires  m u s t  be routed and wired in 
place during bat tery fabrication. Instrumentation and microfuel cell  wiring 
will be nonredundant for  these experimental  ba t te r ies .  However, i f  bat ter ies  
of this type were  actually required for  a space flight mission,  additional con- 
nector  pins and redundant instrumentation wiring would be necessary  for  
reliabil i ty.  

2 . 2 . 3  Connector 

ITT Cannon connectors, P / N  DBM 255-NMC-2-Al34, were supplied 
a s  Government-furnished equipment to Hughes. 
of these connectors a r e  non-magnetic. 
u r e  2 .  

The in se r t s  and hardware 
The pin selection is  shown in Fig-  

2 . 3  ELECTROCHEMICAL 

2 .  3. 1 P la tes  

A purchase o rde r  has  been placed with ESB, Inc. for  the s i lver  and 
zinc oxide plates .  The s i lver  plate must  meet  the requirements  of Drawing 
X3182870 and Procurement  Specification XPS 30929-016, Revision B. Simi- 
la r ly ,  the zinc oxide plate m u s t  mee t  the requirements  of Drawing X3182871 
and Procurement  Specification XPS 30929-017, Revision B ,  These docu- 
ments  a r e  included in  the appendices for  reference.  

A detailed description of plate sizing was included in the F i r s t  Inter im 
Technical Report  for  this contract .  

2 . 3 . 2  Separator System 

TI-e separa tor  sys tem consists of two o r  th ree  components depending 
upon optional cell  configuration. 
of absorber  on each side of the positive plates ,  four o r  five layers  of RAI 

The separator  sys tem will contain one layer  
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Figure  1. Separator  F r a m e s  and T r e e  F r o m  Injection Mold 

(Photo ES 23296) 
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Permion  2290 separator ,  and will incorporate 0.0013-inch thick calcium 
hydroxide electrodeposited on the s i lver  plates in  three of the s ix  ba t te r ies .  
The separa tor  sys tem choices and optional configurations a r e  summarized 
in Table I .  

TABLE I. SEPARATOR SYSTEM CONFIGURATION 

Component 

Absorber:  1) Pellon 2506K 
or 

2 )  Kendall Webril M1405 

Separator :  RAI Permion  2290 

Posit ive plate s i lver  migration b a r r i e r s :  
Electrodeposited calcium 
hydroxide 

Option 1 

One layer ,  
0 . 0 0  I -inch 
thick 

Five layers ,  
each 0.0013- 
inch thick 

None 

Option 2 

One layer ,  
0 . 0 0  1 -inch 
thick 

Four  layers ,  
each 0,0013- 
inch thick 

One layer ,  
0 . 0 0  13-inch 
thick on 
s i lver  plate 

? .  3. 3 Electrolyte 

Because maximum cycle life is  required for  the ba t te r ies  to be built 
on this  program,  the electrolyte will be 40 percent by weight potassium hy- 
droxide solution that i s  90 percent  by weight saturated with zinc oxide, The 
computed theoretical  ampere-hour  negative-to-positive ratio of 1 . 7  was r e -  
ported in  the previous Inter im Technical Report .  Saturation of the electro-  
lyte with zinc oxide will inhibit the solution of zinc oxide f r o m  the negative 
plates  and therefore  will help to maintain the high negative-to-positive 
capacity ratio throughout the cycle life of the bat tery.  

2 . 4  PROCESSES 

2 . 4 .  I Calcium Hydroxide Electroplating 

Three of the six ba t te r ies  that  wil be  fabricated on this contract  wi 
contain 0 . 0 0  13-inch thick electrodeposited calcium hydroxide on a l l  s i lver  
plates .  This General Elec t r ic  process  was developed to evaluate the effect 
that  var ious thicknesses of calcium hydroxide would have in reducing the ra te  
of s i lver  migration through the separa tor  sys tem of a s i lver-zinc o r  s i lver -  
cadmium cell ,  and to evaluate the ability of calcium hydroxide coating to 
block o r  blunt zinc dendrite formation,  Its use on this contract  i s  to inhibit 
s i lver  migration through the RAI Permion  2290 separator  sys tem.  

Several  improvements in the calcium hydroxide process  have been 
P r imar i ly ,  the process  has  been converted to a accomplished a t  Hughes. 
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production technique utilizing a rectangular plating tank that accommodates 
three  to six s i lver  plates at one t ime.  
ware ,  power supply, and instrumentation current ly  in use a r e  shown in F i g -  
u re s  3 and 4. 

The plating tank, associated hard-  

The use of the 18 by 1 2  by 12 inch tank, much grea te r  anode-to- 
cathode rat io ,  an activation bath rather  than the charge/discharge procedure 
recommended by General Elec t r ic ,  and grea te r  separation between the s i lver  
plates and anodes during plating produces significantly improved calcium hy- 
droxide coatings. Adherence, hardness ,  thickness uniformity, and edge 
coating a r e  measurably improved. 
single plate i s  *0.0002 inch. 
the s ix  s i lver  plates f rom one plating lo t i s  *0.0003 inch. 
nes s  i s  reproducible to  -+0.0001 inch, 

Typical coating thickness variation of a 
The typical coating thickness variation among 

The mean thick- 

2 . 4 . 2  Epoxy Bonding 

Because major  package par ts  of the bat ter ies  for  this contract  willbe 
epoxy bonded together,  some comments a r e  in o r d e r .  F i r s t ,  the bat tery 
cover self-locates within the bat tery case ,  a s  does the manifold lid into the 
battery cover .  
epoxy joints.  Any bond that can be made without heat-sensit ive components, 
such a s  the separa tor  and semipermeable membranes  in place, will be oven 
cured .  Otherwise, room temperature  curing of the epoxy will be used,  The 
epoxy sys tem was thoroughly described i n  the First In te r im Technical Report  
for this contract ,  

These self -locating features  add to the reliability of the 

2 .5  BATTERY FABRICATION PLANS 

2 .  5. i Fabrication Logic 

In o rde r  to efficiently build an a r t ic le  of the complexity of this bat-  
t e ry ,  it i s  necessary  to summar ize  the fabrication sequence in a logic cha r t ,  
It i s  felt  that a char t  of this  type is  f a r  m o r e  explanatory than severa l  pages 
of written information. Therefore ,  Figure 5, Drawing 3182888, graphically 
descr ibes  the complete manufacturing sequence for  this bat tery.  

2 .  5 . 2  Bonding Fixture  

A bonding fixture i s  currently being designed that will hold pa i r s  of 
separator  f r a m e s ,  separa tor  (four o r  five l aye r s ) ,  and one layer  of absorber  
mater ia l  in place f o r  epoxy bonding of, this subassembly, 
i s  required to hold the f r ames  p a i r s  and electrodes in place for  the second 
epoxy bonding step required to complete the cell  core .  
subassembly I, and the assembly  operation immediately following for  the 
sequence of events necessary  to complete the cell  core  assembly ,  

Fur ther ,  fixturing 

Refer to Figure 5,  

2 - 6  











2 , 6  SPECIAL IMPROVEMENTS 

2 , 6 .  1 Auxiliary Cell 

Regardless  of the mode of charging, i .  e . ,  paras i t ic  o r  by external 
means,  it i s  necessary  to charge the microfuel cell  without producing cell  
imbalance in the main bat tery.  
this program, it was reported that a set  of auxiliary electrodes would be 
used to charge the microfuel  cell .  
ESB, Inc. S 2 . 5  s i lver-zinc cell  that will be attached to the common gas 
manifold along with the microfuel cel l ,  
auxiliary cell  and the microfuel cell  to produce a common electrolyte path, 

In the F i r s t  In te r im Technical Report for  

This will be done by incorporation of an 

A wick will be placed between the 

Hughes is  supplying RAI 2290 separa tor  to ESB for  incorporation in 
these S 2 . 5  ce l l s ,  One layer  of a 0,001-inch thick unwoven nylon absorber  
will be used around each positive plate, along with five layers  of 2 2 9 0 .  
U-fold separa tor  configuration will be used. However, because this aux i l -  
i a r y  cell  will be charged and discharged a t  exceedingly low ra t e s ,  wet stand 
life should not be sacr i f iced.  

A 

The 2 2 9 0  separa tor  supplied to ESB is f r o m  the same manufacturing 
lot  a s  that to be used in the 12  amp-hr  cells of the bat tery assembly,  

2 . 6 . 2  Microfuel Cell 

One microfuel cell  assembly will be used on each five-cell  bat tery 
The p r i m a r y  reason for  i t s  use i s  to recombine excess  oxygen assembly,  

gas generated during battery overcharge so that an excessive internal p r e s -  
su re  problem does not cause a spontaneous deterioration in bat tery per form-  
ance.  
hydrogen a s  well a s  oxygen. 
fuel cell a r e  l is ted in the F i r s t  Inter im Technical Report .  

The Douglas Astropower microfuel cell  assemblies  will recombine 
Appropriate references describing the micro-  

Both the microfuel cel l  and the auxiliary s i lver-zinc cell  required to 
charge i t  will be mounted on the five-cell  bat tery case  with 3M double-backed 
tape Y O - 9 1 2 2 .  
foam 1/32-$nch thick that will permit  the removal of both the microfuel cell  
assembly and i ts  associated auxiliary cell  should that become desirable  fol- 
lowing battery fabrication, 

This tape i s  a pressure-sensi t ive high strength neoprene 

Figure 6 shows a Yardney HR16(S)- 1 si lver-zinc cell  with a McDonnell- 
Douglas microfuel cell  assembly bonded to the vent, including a p re s su re  
transducer used for the t e s t s  that produced the data reported in Figures  6 ,  7 ,  
and 8 of the F i r s t  In te r im Technical Report  for  this program,  

2 I 6 . 3  SemiDe rmeable Membrane 

A f i l ter  holder has been received that will pe rmi t  testing of severa l  
mater ia l s  for their  oxygen gas diffusion r a t e s .  
membrane,  a s  character ized by the tes t  resu l t s ,  will be inser ted into each 
of the five cell  por t s  to permi t  gas flow, but not liquid flow, between indi- 
vidual cells  and the common gas manifold. 

The bes t  semipermeable  
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Figure  6. Microfuel Cell and Silver-Zinc Cell Used for Testing 

(Photo ES 23595) 

Oxygen generated during the la te r  s tages  of charge and during over-  
If the oxygen can be consumed by the micro-  charge is the p r ime  concern. 

fuel cell  by electrochemical conversion of the oxygen to water,  no battery 
internal  p r e s s u r e  problem will resul t .  The microfuel cell  assembly also 
will recombine hydrogen gas,  but the pr ime concern i s  for  oxygen. After 
the par t ia l  p r e s s u r e  of water vapor equilibrates in a l l  five cells,  as well as 
in the gas manifold, microfuel cell,  and auxiliary cell,  there  i s  no need to 
be concerned about individual cells drying out. 
t ransfer  of water vapor within the bat tery once this equilibrium condition is  
established. 

There  will be no fur ther  

The semipermeable  membranes under consideration are: 

1) Millipore - BDHP 02500 
2 )  Chemplast - Zitex 
3 )  P o r e x  - POR-X 

5) Polyethylene film 
4) RAI-MPM 
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3 . 0  N E W  TECHNOLOGY 

Adaptation of the General Electr ic  developed calcium hydroxide 
electrodeposition laboratory technique to a production technique permitting 
simultaneous coating of six s i lver  plates may  be considered new o r  improved 
technology. The use of an activation of the s i lver  plate pr ior  to electrodepo- 
sition of calcium hydroxide, ra ther  than the use of charge/discharge cycling, 
is new technology. Both innovations used together produce great ly  improved 
calcium hydroxide deposits in regard to uniform thickness,  g rea te r  hardness ,  
bet ter  adherence,  and edge coating of the s i lver  plates.  
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4 .0  PROGRAM FOR NEXT REPORTING PERIOD 

The Final Technical Report will be written a t  the conclusion of the 
next reporting per iod,  The tasks  planned during this next period a r e :  

1) Completion of a l l  battery package par t s  and internal 
components 

2) Completion of battery assembly fabrication 

3 )  Completion of the testing of two battery assemblies  a t  Hughes 

4) Shipment of a l l  six bat ter ies  to NASA 
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5 . 0  CONCLUSIONS AND RECOMMENDATIONS 

It i s  difficult to draw any conclusions a t  this point in t ime without 
having completed the fabrication and testing of the ba t te r ies  for  this pro-  
g r a m .  However, the bat tery design i s  complete and some comments should 
be made he re .  
many separately developed improvements in the s i lver  -zinc bat tery system, 
thereby adding to the design complexity. 
on this contract  will be the t e s t  vehicle for  evaluating the cumulative effect 
of a l l  these separately developed improvements,  the complex design i s  j u s -  
tifiable. Testing of these bat ter ies  by NASA and Hughes will determine the 
relative m e r i t  of this bat tery design, particularly with r e spec t  to  cycle and 
wet stand life. Fu r the r ,  the t e s t  resul ts  should ascer ta in  which single im- 
provement,  o r  combination of improvements,  contributes to superior  battery 
performance.  The information then can be used to modify the presentba t te ry  
design for optimum performance.  

The bat tery design developed for  this contract  incorporates 

Because the ba t te r ies  developed 

If still m o r e  weight reduction i s  des i red  than has been achieved with 
the cur ren t  battery package design, elimination of the injection molded case  
could be considered. The individual separator  f r ames  could be  used for  the 
bat tery case  by means of a potting o r  encapsulation process  following fabri-  
cation of the cell  c o r e s .  
question for  space applications. 

This  admittedly i s  a major  s tep but not out of the 
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APPENDIX 11. SPECIFICATIONS 



1 . 0  SCOPE 

S i l v e r  P l a t e  - Unformed .HUGHES AIRCRAFT co. 
2 . 2  A-H Nominal C a p a c i t y  CULVER CITY, CALIF. 2 B XPS309-19-016 

An unformed s i l v e r  p l a t e  f o r  a e r o s p a c e  a p p l i c a t i o n  is  cove red  w i t h i n  t h i s  
s p e c i f i c a t i o n .  

lDENT SH NO. REV L T R  

2 . 0  APPLICABLE DOCUMENTS 

NUMBER 1 

2 , 1  The f o l l o w i n g  documents, of  t h e  i s s u e  i n  e f f e c t  on t h e  d a t e  of  i n -  
v i t a t i o n  f o r  b i d s  o r  r e q u e s t  f o r  p r o p o s a l ,  form a p a r t  of  t h i s  s p e c i f i c a t i o n  t o  t h e  
e x t e n t  s p e c i f i e d  h e r e i n .  

SPEC I F  I CAT I ON S 

M i  1 i t a r y  

None. 

STANDARDS 

M i  1 i t a r y  

MIL-STD-105 

MIL-STD-202 

MIL-STD-454 

MIL - STD - 8 10 

DRAWINGS 

Hughes A i r c r a f t  Company 

X3 18287 0 

Sampling P rocedures  and T a b l e s  f o r  I n s p e c t i o n  
by A t t r i b u t e s .  

T e s t  Methods f o r  E l e c t r o n i c  and E l e c t r i c a l  
Component P a r t s .  

S t a n d a r d  Genera l  Requirements  f o r  E l e c t r o n i c  
Equipment. 

Environmental  T e s t  Methods f o r  Aerospace and 
Ground Equipment. 

S i l v e r  P l a t e ,  Unformed, 2 . 2  A-H Nominal 
C a p a c i t y  

3 .0  REQUIREMENTS 

I n  g e n e r a l ,  a s i n t e r e d ,  unformed, 2 . 2  A-H nominal c a p a c i t y  s i l v e r  p l a t e  i s  
r e q u i r e d .  T h i s  p l a t e  w i l l  b e  used i n  a h i g h  c y c l e  l i f e  s i l v e r - z i n c  b a t t e r y .  The de- 
s i g n  g o a l  f o r  c y c l e  l i f e  is  270 c y c l e s  w i t h  a 60% d e p t h  of  d i s c h a r g e  a t  t h e . o n e . h o u r  
r a t e . ’  The cha rge  r a t e  w i l l  be i n  t h e  .range o f  12 t o  16 h o u r s .  

3 .1  P h y s i c a l  Requirements .  - P l a t e s  s h a l l  be i n  conformance t o  Hughes 
Drawing X3182870. 



3 . 1 . 2  P l a t e  Weight 

r 
HUGHES AIRCRAFT CO. 
CULVER CITY, CALIF.  3 B 

S i l v e r  P l a t e  - Unformed 
2 . 2  A - H  Nominal C a p a c i t y  

lDENT S H  NO. REV LTR 

A c t i v e  S i l v e r  8 . 8 0  + 0 . 2 1  grams. 
T o t a l  P l a t e  10.09-t - 0 .28  grams:k. 

*Active s i l v e r  and g r i d ,  but  n o t  i n c l u d i n g  c o n n e c t i n g  t a b .  

XPS 30929-016 
NUMBER 

P l a t e  we igh t  w i l l  be c o n t r o l l e d  as f o l l o w s :  

Weigh g r i d  i n  s h e e t s  s i z e d  t o  make s i x  p l a t e s .  
r e j ec t  o u t s i d e  of range X t 3%. 

Weigh 100% and 
Lo t  p l o t  measured w e i g h t s .  - 

S h e e t  o u t  DP. Two s h e e t s  s h a l l  be used f o r  e a c h  s i x - p l a t e  s i z e d  
b i s c u i t .  Weigh DP s h e e t s  100%. Lot  p l o t  group i n t o  L ,  N ,  and H 
c a t e g o r i e s  a c c o r d i n g  t o  t h e  f o l l o w i n g :  

- 
L = x - (3  t o  5%) 

H = x + ( 3  t o  5%) 

Make sandwiches u s i n g  one g r i d  and;  two nominal DP s h e e t s ,  o r  one 
H and one L DP s h e e t s ,  S t o r e  as i d e n t i c a l  a s s e m b l i e s .  

S i n t e r  b i s c u i t s  and d i e  c u t  s i n t e r e d  b l a n k s .  

Weigh s i n t e r e d  b l anks  100%. Lo t  p l o t  group i n t o  L, N ,  and H-groups 
u s i n g  above c a t e g o r i e s .  R e j e c t  a l l  b l a n k s  o u t s i d e  ange of  X + 5%. 

Spotweld r i b b o n  t o  p l a t e .  
g r i t y .  P a i n t  weld w i t h  epoxy and cure .  Measure f i f i i s h e d  p l a t e  
w e i g h t .  Lo t  p l o t .  

- T 
Inspect-  f o r  dimensions aQd weld i n t e -  

3.1.3 P l a t e  D e n s i t y .  - The d e n s i t y  of t h e  s i l v e r  p l a t e  s h a l l  be  69 grams/ 
c u b i c  inch .  

.. 
3.1.4 P l a t e  E l e c t r i c a l  Connec t ion .  - A t a b  t y p e  o f  e l e c t r i c a l  connect iot l  

is  r e q u i r e d .  T h i s  t a b  s h a l l  ex t end  from t h e  t o p  o f  t h e  p o s i t i v e  p l a t e  1 .85  + 0.10 
inches  and s h a l l  be 0.062 2 0.005 inches  wide by 0.010 +'0.000511 t h i c k . '  The-str ip  
m a t e r i a l  u sed  f o r  t h i s  t a b  s h a l l  be 99.9 +% p u r e  s i lver-and s h a l l  be i n  t h e  ' I f u l l  annea l  
c o n d i t i o n .  
p l a t e  u t i l i z i n g  1o.cal ized c o i n i n g  o f  t h e  p l a t e  and a c a p a c i t i v e  s p o t  weld.  Evidence 
of optimum weld p r o c e s s  c o n d i t o n s  s h a l l  be a v a i l a b l e  f o r  r ev iew by Hughes p e r s o n n e l .  
The l o c a l  weld area s h a l l  be coa ted  w i t h  epoxy t o  i n h i b i t  any c o r r o s i o n  i n  t h i s  a r e a  
d u r i n g  c e l l  o p e r a t i o n .  

The t a b  s h a l l  be a t t a c h e d  t o  the  s i l v e r  Exmet-type g r i d ;  o f  t h e  p o s i t i v e  

3 . 2  Chemical Requirements 

3 .2 .1  S i l v e r  Powder. - The s i l v e r  powder used f o r  p o s i t i v e  e l e c t r o d e s  
s h a l l  be 99.9% p u r e  s i l v e r ,  w i t h , n o  s i n g l e  m e t a l l i c  o r  n o n - m e t a l l i c  i m p u r i t y  exceed- 
i n g ' 5 0 0  ppm. , 

3 . 2 . 2  
s h a l l  be 99.9% p u r e  s i l v e r ,  w i t h  no s i n g l e  m e t a l l i c  o r  n o n - m e t a l l i c :  i m p u r i t y  exceed-  
i n g  500 ppm. 

'Grid.  - The s i l v e r  Exmet-type g r i d  used i n  p o s i t i v e  e l e c t r o d e s  



3 . 3  E l e c t r i c a l  Requ ikemen t s 

c. 

4 'B' HUGHES AIRCRAFT CO. 
CULVER CITY, CALIF. 
CODE !DENT b10.82577 SH r,g, REV LTR 

S i l v e r  P l a t e  - Unformed 
2 . 2  A-H Nominal C a p a c i t y  

3 .3 .1  C a p a c i t y .  - I n d i v i d u a l  p o s i t i v e  p l a t e s  s h a l l  d e l i v e r  a minimum 
c a p a c i t y  o f  2 .10 ampere-hours when d i s c h a r g e d  a t  t h e  one hour  r a t e  a t  2 5 O C .  
t o  d i s c h a r g e  p o s i t i v e  p l a t e s  s h a l l  be charged a t  25OC by c o n s t a n t  c u r r e n t  cha rge  
a t  6 .5  ma/in$ t o  1 .98  v o l t s  w i t h - r e s p e c t  t o  a p a i r  o f  z i n c  p l a t e s .  
s h a l l  be performed a g a i n s t  two z i n c  p l a t e s ,  each e q u a l  i n  a r e a  t o  t h e  s i l v e r  p l a t e .  
The ampere-hour c a p a c i t y  o f  t h e  p a i r  of  z i n c  p l a t e s  s h a l l  exceed t h e  s i l v e r  p l a t e . ' s  
c a p a c i t y  by a t  l e a s t  50%. 

P r i o r  

Charge and d i s c h a r g e  

X P S  30929-016 

NUMBER 

3.3 .2  C u r r e n t  D e n s i t y .  - The p l a t e  s p e c i f i e d  h e r e i n  must o p e r a t e  a t  t h e  
f o l l o w i n g  d e s i g n  p o i n t s ;  

2 1) Charge 6 .  t o  10.  ma / in  
2)  Discha rge  60. t o  100. ma/ in2 

3.4 Q u a l i t y  Requirements  

3 .4 .1  I n s p e c t i o n . .  - A l l  n o n - d e s t r u c t i v e l y  de t e rmined  v a r i a b l e s  s h a l l  be 
measured on a 100% sampl ing  b a s i s .  The f o l l o w i n g  v a r i a b l e s  s h a l l  be measured: 

P l a t e  t h i c k n e s s ,  h e i g h t ,  w i d t h .  

Gr id  we igh t  f o r  s i x  p l a t e  assembly.  

S i n t e r e d  p l a t e  b l ank  we igh t .  

Computed a c t i v e  m a t e r i a l  we igh t  based upon t h e  measured mean g r i d  
we igh t  f o r  each  s i x - p l a t e  b i s c u i t  group.  

R e f e r  t o  S e c t i o n  3 . 1 . 2  f o r  f u r t h e r  d e s c r i p t i o n  o f  measurements 
r e q u i r e d .  

I n d i v i d u a l  p l a t e  i d e n t i f i c a t i o n s  need n o t  be ma in ta ined ;  however, a 
f r equency  d i s t r i b u t i o n  p l o t ,  o r  e q u i v a l e n t  t a b u l a r  s t a t i s t i c a l  i n f o r m a t i o n ,  s h a l l  be 
s u b m i t t e d  f o r  a l l  v a r i a b l e s  measur,ed. Evidence,  o f  r e j e c t i o n  o f  p l a t e s  f a l l i n g  o u t -  
s i d e  t h e  t o l e r a n c e  l i m i t s  f o r  any v a r i a b l e ,  s h a l l  b e  p rov ided  by t h e  s u p p l i e r  t o  
Hughes. 

3 . 4 . 2  Manufac tu r ing  L o t .  - A l l  p o s i t i v e  p l a t e s  s u p p l i e d  s h a l l  be fabr i -  
c a t e d  from o n l y  one l o t  c L  a c t i v e  m a t e r i a l .  One mix b a t c h  of  s i l v e r  powder and one 
l.ot of r e s i n  w i l l  co.nst i tuLe one l o t  of  a c t i v e  m a t e r i a l .  
a v a i l a b l e  f o r  review by Hughes t o  a t t e s t  t h a t  on ly  one a c t i v e  m a t e r i a l  mix b a t c h  i s  
u:sed. Copies of  t h i s  documentat ion s h a l l  be. s e n t  t o  Hughes upon r e q u e s t .  

-Documentation s h a l l  be 

3.5 Environmental  Requirements 

3 .5 .1  O p e r a t i n g  Temperature  Range. - The p o s i t i v e  p l a t e s  sha.11 be des igned  
and f a b r i c a t e d  f o r  optimum performance w i t h i n  t h e  t e m p e r a t u r e  r ange  of  30 t o  100°F. 

3.5 .2  E l e c t r o l y t e .  - P l a t e s  s h a l l  be manufactured f o r  optimum performance 
i n  40 w t . %  KOH s o l u t i o n .  

4 . 0  TESTS 

4 . 1  P h y s i c a l  

9003CC 11-4 



4 .1 .1  Dimensions.  - A l l  p l a t e  dimensions , p a r t i c u l a r l y  thiclcness  , h e i g h t ,  
and  wid th  s h a l l  be measured on a 100% sampling bas i s  t o  show conformance t o  P a r a g r a p h  
3.1.1 and Hughes Drawing X3182870. 
t o  Hughes i n  e i t h e r  t a b u l a r  form o r  i n  t h e  form o f  a f r equency  d i s t r i b u t i o n  cu rve  f o r  
e a c h  dimension measured.  

Measurement d a t a  s h a l l  be r e c o r d e d  and p r e s e n t e d  

S i l v e r  P l a t e  - Unformed HUGHES AIRCRAFT CO. 5 B 
CULVER CITY, CALIF.  2 . 2  A-H Nominal Capac i ty  

lDENT -SH NO. REV L T R  

4.1.2 Weigh t .  - Exmet-type g r i d s  and completed p l a t e s  s h a l l  be weighed 
and t h e  d a t a  r e c o r d e d  t o  demons t r a t e  conformance t o  Pa rag raph  3 . 1 . 2 .  
be de t e rmined  by 100% sampl ing  w i t h  t h e  d a t a  s u b m i t t e d  t o  Hughes as d e s c r i b e d  i n  
Pa rag raph  4 .1 .1 .  

Weights s h a l l  

4 . 2  Chemical 

XPS 30929-016 

NUMBER 

4 . 2 . 1  S i l v e r  Powder. - A r e c e i v i n g  i n s p e c t i o n  l o t  a n a l y s i s  r e c o r d  w i l l  
s u f f i c e  t o  demons t r a t e  conformance t o  Pa rag raph  3 .2 .1 .  A c e r t i f i c a t e  of conformance 
w i l l  be a c c e p t a b l e  o n l y  i f  t r a c e a b i l i t y  t o  t h e  mater ia l  s u p p l i e r ' s  a n a l y t i c a l  r e c o r d s  
can  be e s t a b l i s h e d .  

4 . 2 . 2  - G r i d .  - A r e c e i v i n g  i n s p e c t i o n  l o t  a n a l y s i s  r e c o r d  w i l l  s u f f i c e  t o  
demons t r a t e  conformance t o  Pa rag raph  3 . 2 . 1 .  A c e r t i f i c a t e  of  conformance w i l l  be 
a c c e p t a b l e  o n l y  i f  t r a c e a b i l i t y  t o  t h e  mater ia l  s u p p l i e r ' s  a n a l y t i c a l  r e c o r d s  can be 
e s t a b l i s h e d  , 

5 . 0  PREPARATION FOR DELIVERY 

5 . 1  Packag ing .  - T h i r t y - t w o  p l a t e s  s h a l l  be s t a c k e d  t o g e t h e r  w i t h  two 
s i m i l a r l y  s i z e d  p i e c e s  o f  0.075" t o  0.100" ca rdboa rd  on each end o f  t h e  s t a c k .  Ad- 
h e s i v e  c o a t e d  g l a s s  t ape  s h a l l  be wrapped around t h e  o u t s i d e  of t h i s  sandviich, a t  
l e a s t  two w r a p s  i n  s e p a r a t e  places i n  t h e  2 . 1 I l  w id thwise  d i r e c t i o n  and one wrap i n  
t h e  3.1" h e i g h t  d i r e c t i o n .  Glass t a p e d ,  c a r d b o a r d - p l a t e  sandwiches s h a l l  t h e n  be 
p l a c e d  i n t o  wooden s h i p p i n g  c o n t a i n e r s .  Not more t h a n  o n e - t h i r d  of  t h e  t o t a l  number 
o f  p l a t e s  o r d e r e d  s h a l l  be p l a c e d  i n t o  any one wooden s h i p p i n g  c o n t a i n e r .  

5.2 I d e n t i f i c a t i o n .  - Each s h i p p i n g  c o n t a i n e r  s h a l l  be e x t e r n a l l y  
i d e n t i f i e d  w i t h  t h e  f o l l o w i n g  in fo rma t ion :  

a) Hughes P a r t  Number ( S p e c i f i c a t i o n  and Drawing Number) 
b) S e l l e r ' s  P a r t  Number 
c) 
d) Manufac tu r ing  Lot Number 
e)  Hughes Purchase  Order Number. 

Date o f  Completion of  Manufacture .  

5.3 I n f o r m a t i o n  L a b e l .  - I n  a conspicuous l o c a t i o n  n e a r  t h e  a d d r e s s  
l a b e l ,  t h e  f o l l o w i n g  i n f o r m a t i o n  s h a l l  be p l a i n l y  v i s i b l e  on t h e  s h i p p i n g  c o n t a i n e r :  

' - A t t e n t  i o n :  Hughes A i r c r a f t  Company 
Rece iv ing  and R e c e i v i n g  I n s p e c t i o n  Departments 

T h i s  box c o n t a i n s  f r a g i l e  b a t t e r y  p l a t e s .  Do n o t  open 
w i t h o u t  f i r - s t  c o n t a c t i n g  Hughes Buyer a n d / o r  R e s p o n s i b l e  
Eng inee r ;  R e f e r  t o  HAC PO Number shown e x t e r n a l l y  on 
t h i s  box. 

6.0 QUALITY ASSURANCE PROVISIONS 

0803cc LI-5 



6 . 1  G e n e r a l .  - The materials,  p r o c e s s e s  and assembly t e c h n i q u e s  used 
t o  f a b r i c a t e  t h e  hardware cove red  by t h i s  s p e c i f i c a t i o n  s h a l l  be s u b j e c t  t o  e x t e n s i v e  
i n s p e c t i o n  and t e s t i n g  by bo th  t h e  S e l l e r  and Hughes A i r c r a f t  Company. Surveyor  P ro -  
j e c t  i n s p e c t i o n  p rocedures  w i l l  be t h e  model f o r  t h e  QA p l a n  f o r  t h i s  program. 

I 

S i l v e r  P l a t e  - Unformed HUGHES AIRCRAFT CO. 
2 . 2  A-H Nominal C a p a c i t y  CULVER CITY, CALIF. 6 B 

CODE lDENT NQ.02577 SH NO. REV L T R  

6 . 2  I n s p e c t i o n  

XPS 30929-016 
NUMBER 

6 . 2 . 1  S e l l e r  I n s p e c t i o n .  - P r o d u c t  q u a l i t y  a s s u r a n c e  s h a l l  be p rov ided  by 
t h e  S e l l e r  by a s e r i e s  of  i n - p r o c e s s  i n s p e c t i o n s  commencing w i t h  r e c e i p t  o f  raw 
m a t e r i a l s ,  and par t s  and c o n t i n u i n g  th rough  t h e  f i n i s h e d  p r o d u c t .  The s e l e c t e d  i n -  
s p e c t i o n  p o i n t s  s h a l l  have t h e  a p p r o v a l  of  HAC. A r e c o r d  s h a l l  b e  ma in ta ined  o f  a l l  
i n s p e c t i o n s  and be s u b j e c t  t o  r ev iew by HAC. A p r o c e s s  f low l o g i c  c h a r t  s h a l l  be 
s u p p l i e d  t o  Hughes A i r c r a f t  Company d e t a i l i n g  each  p r o c e s s  s t e p  and i n s p e c t i o n  
p r o c e d u r e .  

i 

6 . 2 . 2  HAC Source  I n s p e c t i o n .  - The Hughes A i r c r a f t  Company s h a l l  a t  i t s  
o p t i o n  p rov ide  i n s p e c t i o n  t o  a d e q u a t e l y  mon i to r  t h e  S e l l e r ' s  q u a l i t y  c o n t r o l  e f f o r t  
i n c l u d i n g  i n - p r o c e s s  i n s p e c t i o n  and  i n - p r o c e s s  t e s t s .  The complete  hardware may be 
s o u r c e  i n s p e c t e d  by HAC t o  a s s u r e  t h a t  t h e  p roduc t  conforms t o  a l l  t h e  r equ i r emen t s  
s p e c i f i e d  on t h e  a p p l i c a b l e  drawings and s p e c i f i c a t i o n s  and may i n c l u d e  w i t n e s s i n g  of 
a c c e p t a n c e  t e s t s .  

6 . 2 . 3  R e j e c t e d  Assentbl ies .  - R e j e c t e d  a s s e m b l i e s  s h a l l  n o t  be r e s u b m i t t e d  
f o r  a p p r o v a l  w i t h o u t  f u r n i s h i n g  f u l l  p a r t i c u l a r s  c o n c e r n i n g  t h e  r e j e c t i o n ,  t h e  measure 
t a k e n  t o  overcome t h e  d e f e c t s ,  and t h e  p r e v e n t i o n  of  t h e i r  f u t u r e  o c c u r r e n c e .  Each r e -  
j e c t e d  assembly s h a l l  be i d e n t i f i e d  by a s e r i a l i z e d  r e j e c t i o n  t a g ,  T h i s  r e j e c t i o n  t a g  
s h a l l  n o t  be removed u n t i l  rework r equ i r emen t s  have  been complied w i t  -, and t h e  t a g  
s h a l l  be removed on ly  by, o r  i n  t h e  p re sence  o f ,  an a u t h o r i z e d  r e p r e s e n t a t i v e  o f  HAC. 





1.0 SCOPE 

An unformed z i n c  ox ide  p l a t e  f o r  a e r o s p a c e  a p p l i c a t i o n  is  covered w i t h i n  t h i s  
s p e c i f i c a t i o n .  

2.0 APPLICABLE DOCUPIENTS 

2 . 1  The f o l l o w i n g  documents, o f  t h e  i s s u e  i n  e f f e c t  on t h e  d a t e  
o f  i n v i t a t i o n  f o r  b i d s  o r  r e q u e s t  f o r  p r o p o s a l ,  form a par t  o f  t h i s  s p e c i f i c a t i o n  
t o  t h e  e x t e n t  s p e c i f i e d  h e r e i n .  

~ ~~ 

HUGHES AIRCRAFT CO. 
CULVER CITY, CALIF. 

Z i n c  P l a t e  - Unformed, 5.5 
A-H Capac i ty  l D E H T  

Spec i f  i c a t  i o n s  

M i l  i t  a r y  

, None. 

S t a n d a r d s  

M i l i t a r y  

MIL-STD- 105 

X P S  30929-017 B 2 
,SH NO. REV LTR NUMBER 

MIL-STD-202 

MIL-STD-454 

MIL-STD-810 

Drawings 

Hughes A i r c r a f t  Company 

X318287 1 

3.0 REQUIREMENTS 
. -  

Sampling P rocedures  and T a b l e s  f o r  I n s p e c t i o n  by 
A t t r i b u t e s .  

T e s t  Methods f o r  E l e c t r o n i c  a n d . E l e c t r i c a 1  Component 
P a r t s  . 
S t a n d a r d  Genera l  Requirements f o r  E l e c t r o n i c  
Equipment . 
Environmental  T e s t  Methods f o r  Aerospace and 
Ground Equipment. 

Z i n c  Oxide P l a t e  - Unformed, 5.5 A-H Capac i ty .  

I n - g e n e r a l ,  a t e f l o n a t e d ,  d r y ,  unformed, 5.5 A-H z i n c  o x i d e  p l a t e  i s  re-  
q u i r e d  f o r  u s e  i n  a 1 2  A-H nominal c a p a c i t y  s i l v e r - z i n c  c e l l .  T h i s  c e l l  w i l l  con- 
s i s t  o f  s i x  p o s i t i v e  and s e v e n  n e g a t i v e  p l a t e s .  

’ 3 . 1  P h y s i c a l  Requirements .  - P l a t e s  s h a l l  be i n  conformance w i t h  
Hughes Drawing X3182871. 

3.. 1 .-1 P l a t e  Dimensions 

Width 2.094 + 0.030 inches  
;. He i g h  t 3 .‘125. 0.030 inches  
Th ickness  0.029 0.003 i n c h e s  
Corners  s quare- 
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3 .1 .2  

c 

3 B HUGHES AIRCRAFT CO. 
CULVER CITY, CALIF. Zinc  P l a t e  - Unformed, 5 . 5  

lDENT SH NO. REV LTR 
A-H Capac i ty  

P l a t e  Weight and Composi t ion 

X P S  30929-017 
NUMBER 

Zinc  Oxide,  93% 8.33 grams 
T e f l o n  Powder, 5% 0 .45  
Mercur i c  Oxide ,  2% 0 . 1 7  
T o t a l  A c t i v e  Mix, 100% 8 .95  + 0.18  grams - 
210 Ag Expanded Gr id  

(wi th  f o l d b a c k  
a t  edges)  

1 .58  - + 0.08 

Ag Tab 0 .26  + 0.05 
F i n i s h e d  P l a t e  Weight 10.79 - + 0 . 3 1  grams 

P l a t e  manufac tu re r  w i l l  i n s p e c t  p l a t e s  100% and l o t  p l o t  each  
o f  t h e  f o l l o w i n g  we igh t s :  

G r  i d  we igh t s  
Core S t r u c t u r e  ( i . e . ,  g r i d  and t a b )  
F i n i s h e d  P l a t e  

P l a t e s  must be i d e n t i f i e d  i n  t h r e e  groups  a c c o r d i n g  t o  we igh t :  
- 

L = x - (3  t o  5%) 

- 
H = X + (3 t o  5%) 

D e n s i t y .  - The d e n s i t y  of  ZnO s h a l l  be  49 gramsf pe r  c u b i c  i n c h .  
I 

3.1.3 
I 

3 . 1 . 4  P l a t e  E l e c t r i c a l  Connect ion .  - A t a b  t y p e  o f  e l ' e c t r i c a l  connec- 
t i o n  i s  r e q u i r e d .  T h i s  t a b  s h a l l  e x t e n d  from t h e  t o p  o f  t h e  n e g a t i v e  p l a t e  1 .85  + 
0 .10  inches  and s h a l l  be 0.062 + 0.005 inches  wide by 0 , 0 1 0  + 0.0005 inches  thick: 
The s t r i p  m a t e r i a l  used f o r  t h i s  t a b  s h a l l  be 99.9+% pure  s i ' lver  and s h a l l  be i n  t h e  
' " f u l l  a n n e a l "  condi t i 'on .  
o f  t h e  n e g a t i v e  p l a t e  u t i l i z i n g  l o c a l i z e d  c o i n i n g  of  t h e  p l a t e  and a c a p a c i t i v e  s p o t  
weld .  Evidence of  optimum weld p r o c e s s  c o n d i t i o n s  s h a l l  be  a v a i l a b l e  f o r  r ev iew by 
Hughes pe r sonne l .  

The t a b  s h a l l  be a t t a c h e d  t o  t h e  s i l v e r  Exmet-type g r i d '  

3 . 1 . 5  Exmet-Type G r i d .  - The s u p p o r t i n g  s t r u c t u r e  q f  t h e  n e g a t i v e  p l a t e  
s h a l l  be a 2 /0 ,  99.9% s i l v e r ,  p i e r c e d  and expanded, 0 .200 2 0.010 grams p e r  s q u a r e  
i n c h ,  Exmet-type g r i d .  
a d d i t i o n  o f  a 0 .25  i n c h  fo ldback  a t  t h e  edges .  

The g r i d  s h a l l  be 2 .094  inches  by 3.125 inches  w i t h  t h e  

3.2 Chemical Requirements  

3 . 2 . 1  Z inc  Oxide Powder. - The z i n c  ox ide  powder s h a l l  b e  e q u i v a l e n t  
t o  A . C . S .  r e a g e n t  g rade  i n  p u r i t y .  P a r t i c l e  s i z e  s h a l l  be such  t h a t  t h i s  powder 
has  been tho rough ly  t e s t e d  i n  t h e  b a t t e r y  m a n u f a c t u r e r ' s  qormal  accep tance  p rocedures ,  
which s h a l l  i n c l u d e  ev idence  o f  s u c c e s s f u l  o p e r a t i o n  o f  s i l v e r - z i g c  c e l l s  manufac tur -  
ed from t h i s  powder. T h i s  e v i d e n c e ,  i n  t h e  form o f . e n g i n e e r i n g  or q u a l i t y  c o n t r o l  
r e c o r d s ,  s h a l l  be made  a v a i l a b l e  t o  Hughes pe r sonne l  upon r e q u e s t ;  

~ 8 0 S C C  11-9 



3 . 2 . 2  Mercur i c  Oxide.  - The m e r c u r i c  ox ide  used i n  t h e  n e g a t i v e  
It s h a l l  be used t o  make up  2% o f  p l a t e  s h a l l  be A.C.S. r e a g e n t  g rade  p u r i t y .  

t h e  t o t a l  a c t i v e  mix we igh t .  

'8 - XPS 30929-017 HUGHES AIRCRAFT CO. '4 

CODE !DENT N0-02577 S H  t lO.  REV L T R  NUMBER 

Zinc  P l a t e  - Unformed, 5 . 5  A-H C a p a c i t y  CULVER C I T Y ,  CALIF .  

3 .2 .3  T e f l o n  Powder. - T e f l o n  7 powder s h a l l  be used f o l l o w i n g  a 
c o n t r o l l e d  r e d u c t i o n  i n  p a r t i c l e  s i z e  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e .  P l a t e  s u p p l i e r  
m u s t  f u r n i s h  ev idence  o f :  

A 

a) I n - p r o c e s s  c o n t r o l s  f o r  t h e  g r i n d i n g  p r o c e s s ,  

4 rc' 

b) The mean p a r t i c l e  s i z e  and p a r t i c l e  s i z e  d i s t r i b u t i o n .  

c )  The v a r i a b l e s  b e i n g  w i t h i n  optimum l i m i t s  f o r  p l a t e  
manufac tu re .  

3.2.4 Exmet-Type G r i d .  - The s i l v e r  Exmet-type g r i d  used i n  n e g a t i v e  
c l e c t r o d e s  s h a l l  be 99.9+% s i l v e r ,  w i t h  no s i n g l e  m e t a l l i c  o r  n o n - m e t a l l i c  i m p u r i t y  
exceed ing  500 ppm. 

3.3 E lec t r i ca l  Requirements 

3.3.1 C a p a c i t y .  - I n d i v i d u a l - n e g a t i v e  p la tes  s h a l l  d e l i v e r  a minimum 
c a p a c i t y  o f  4.4  A-H when d i s c h a r g e d  a t  t h e  one hour  r a t e  a t  2 5 O C .  
c h a r g e ,  n 5 g a t i v e  p l a t e s  s h a l l  be charged a t  25OC by c o n s t a n t  c u r r e n t  a t  C/20 o r  
6 . 6  ma/in' f o r  2 1  h o u r s .  

P r i o r  o t  d i s -  

3.3.2 C u r r e n t  DeRsi ty .  - The p l a t e  s p e c i f i e d  h e r e i n  must o p e r a t e  a t  
t!he f o l l o w i n g  d e s i g n  p o i n t s :  

. 2  a )  Charge 6 . 0  t o  1 0 . 0  ma/in 
b) D i scha rge  ' 60 t o  100 ma/in2 

3.3.3 Depth o f  D i scha rge .  - The b a t t e r y  i n t o  which t h e  p l a t e s  o f  

The d i s c h a r g e  c u r r e n t  d e n s i t y  f i g u r e s . o f  3 .3 .2  r e f l e c t  t h i s  DOD. 
t h i s  s p e c i f i c a t i o n  w i l l  be i n c o r p o r a t e d ,  w i l l  o p e r a t e  between a 40 and 60% d e p t h  
of d i s c h a r g e .  

3 . 4  Q u a l i t y  Requirements 

3.4.1 I n s p e c t i o n .  - A l l  n o n - d e s t r u c t i v e l y  de t e rmined  v a r i a b l e s  s h a l l  
be measured on a 100% SL. l i n g  b a s i s .  The f o l l o w i n g  v a r i a b l e s  s h a l l  be measured: 

a) P l a t e  t h i c k n e s s ,  h e i g h t  and wid th .  
b) Exmet-type g r i d  we igh t .  
c) T o t a l  p l a t e  w e i g h t .  
d) Active mix w e i g h t ,  by d i f f e r e n c e .  

I n d i v i d u a l  p l a t e  i d e n t i f i c a t i o n s  need n o t  be  m a i n t a i n e d ;  however, 
a f r equency  d i s t r i b u t i o n  p l o t ,  o r  e q u i v a l e n t  t a b u l a r  s t a t i s t i c a l  i n f o r m a t i o n ,  s h a l l  
be s u b m i t t e d  f o r  a l l  v a r i a b l e s  measured. Evidence o f  r e j e c t i o n  of p l a t e s  f a l l i n g  
o u t s i d e  t h e  t o l e r a n c e  l i m i t s  f o r  any v a r i a b l e ,  s h a l l  be p rov ided  by t h e  s u p p l i e r  t o  
Hughes. . 



3 . 4 . 2  Manufac tu r ing  L o t .  - A l l  n e g a t i v e  p la tes  s u p p l i e d  s h a l l  b e  
f a b r i c a t e d  from n o t  more than  t h r e e  mix ba tches  o f  a c t i v e  m a t e r i a l .  DocLmentation 
s h a l l  be a v a i l a b l e  f o r  r ev iew by Hughes t o  a t t e s t  t h a t  no t  more t h a n  t h r e e  a c t i v e  
m a t e r i a l  mix b a t c h e s  a r e  used .  Copies o f  t h i s  documentat ion s h a l l  be s e n t  t o  
Hughes upon r e q u e s t  . 

3 . 5  Environmental  Requirements 

3 . 5 . 1  O p e r a t i n g  Temperature  Range. - The n e g a t i v e  p l a t e s  s h a l l  b e  
des igned  and f a b r i c a t e d  f o r  optimum performance w i t h i n  t h e  t e m p e r a t u r e  range of 
30 t o  1 O O O F .  

3 . 5 . 2  E l e c t r o l y t e .  - P l a t e s  s h a l l  b e  manufactured f o r  optimum pe r -  
formance i n  4 0  w t .  % KOH s o l u t i o n .  

4 . 0  TESTS 

4 . 1  P h y s i c a l  

4 .1 .1  Dimensions.  - A l l  p l a t e  d imens ions ,  p a r t i c u l a r l y  t h i c k n e s s ,  
h e i g h t ,  and w i d t h  s h a l l  be measured on a 100% sampl ing  b a s i s  t o  show conformance 
t o  Pa rag raph  3 .1 .1  and Hughes Drawing X 3 1 8 2 8 7 1 .  Measurement d a t a  s h a l l  be r e c o r d -  
.ed and p r e s e n t e d  t o  Hughes i n  e i t h e r  t a b u l a r  form o r  i n  t h e  form of  a f r equency  d i s -  
t r i b u t i o n  cu rve  f o r  each  dimension measured. 

4 .1 .2  Weight .  - Exmet-type g r i d s  and completed p l a t e s  s h a l l  b e  weighed 
and t h e  d a t a  r e c o r d e d  t o  demons t r a t e  conformance t o  Pa rag raph  3 . 1 . 2 .  Weights s h a l l  
be determined by 100% sampl ing  w i t h  t h e  d a t a  s u b m i t t e d  t o  Hughes as d e s c r i b e d  i n  
P a r a g r a p h  4 . 1 . 1 .  

4 . 2  Chemica 1 

4.2 .1  Zinc Oxide.  - A r e c e i v i n g  i n s p e c t i o n  l o t  a n a l y s i s  r e c o r d  w i l l  
s u f f i c e  t o  d e n o n s t r a t e  conformance t o  P a r a g r a p h  3 . 2 . 1 .  A c e r t i f i c a t e  o f  conformance 
w i l l  be a c c e p t a b l e  on ly  i f  t r a c e a b i l i t y  t o  t h e  m a t e r i a l  s u p p l i e r ' s  a n a l y t i c a l  r e c o r d s  
can be e s t a b l i s h e d .  

4 2 . 2  Mercur i c  Oxide.  - A r e c e i v i n g  i n s p e c t i o n  l o t  a n a l y s i s  r e c o r d  w i l l  
s u f f i c e  t o  demons t r a t e  conformance t o  Pa rag raph  3 . 2 . 2 .  A c e r t i f i c a t e  of  conformance 
w i l l  be a c c e p t a b l e  on ly  i f  t r a c e a b i l i t y  t o  t h e  m a t e r i a l  s u p p l i e r ' s  a n a l y t i c a l  r e c o r d s  
can be e s t a b l i s h e d  

4 . 2 . 3  - G r i d .  - A r e c e i v i n g  i n s p e c t i o n  l o t  a n a l y s i s  r e c o r d  w i l l  s u f f i c e  
t o  demons t r a t e  conformance t o  Pa rag raph  3 . 2 . 4 .  A c e r t i f i c a t e  o f  conformance w i l l  
be acceptab le  o n l y  i f  t r a c e a b i l i t y  t o  t h e  m a t e r i a l  s u p p l i e r ' s  a n a l y t i c a l  r e c o r d s  
can be e s t a b l i s h e d .  

5.0 PREPARATION FOR DELIVERY 

5 .1  Packaging . - Four p la tes  s h a l l  be s t a c k e d  t o g e t h e r  w i t h  p i e c e s  
of  ca rdboa rd  0.075 t o  0.100' '  t h i c k  i n t e r l e a v e d  between p l a t e s ,  w i t h  one p i e c e  of  
ca rdboa rd  o y e r  each o u t e r  p l a t e  i n  t h e  s t d c k .  The wid th  and h e i g h t  of t h e  ca rdboa rd  
s h a l l  be e q u i v a l e n t  o r  s l i g h t l y  l a r g e r  t han  t h a t  of  t h e  p l a t e s .  The plate-cardboarcl  
sandwich s h a l l  be wrapped w i t h  a d h e s i v e  c o a t e d  g l a s s  t a p e ,  two wraps w i d t h w i s e ,  o n e  
w r a p  h e i g h t w i s e .  P l a t e s  s h a l l  be p o s i t i o n e d  i n  t h e  s h i p p i n g  c o n t a i n e r  such  t h a t  thLi:- 
r i d e  on edge r a t h e r  t han  f l a t .  Zinc p l a t e s  s h a l l  be sh ipped  w i t h  t h e  Viskon r e t a i n d :  

Z inc  P l a t e  - Unformed, 5 . 5  X P S  30929-017 
CULVER CITY, CALIF. 
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5 . 2  I d e n t i f i c a t i o n .  - Each s h i p p i n g  c o n t a i n e r  s h a l l  be e x t e r n a l l y  
i d e n t i f i e d  w i t h  t h e  f o l l o w i n g  i n f o r m a t i o n :  

r 
B HUGHES AIRCRAFT CO. 

CULVER CITY, CALIF. 
CODE IDENT N0.82577 - S t i  NO. REV LTR 

Z i n c  P l a t e  - Unformed, 5 . 5  
A-H Capac i ty  

a )  Hughes P a r t  Number ( S p e c i f i c a t i o n  and Drawing Number). 
b) S e l l e r ' s  P a r t  Number. 
c) 
d) Manufac tu r ing  Lo t  Number. 
e )  Hughes Purchase  Order  Number. 

Date  of  Completion of  Manufac tu re .  

XPS 30929-017 
NUMSER 

5.3 I n f o r m a t i o n  L a b e l .  - I n  a consp icuous  l o c a t i o n  n e a r  t h e  a d d r e s s  
l a b e l ,  t h e  ' f o l l o w i n g  i n f o r m a t i o n  s h a l l  be p l a i n l y  v i s i b l e  on t h e  s h i p p i n g  c o n t a i n e r :  

A t t e n t i o n :  Hughes A i r c r a f t  Company 
Rece iv ing  and Rece iv ing  I n s p e c t i o n  Departments 

T h i s  box c o n t a i n s  f r a g i l e  b a t t e r y  p l a t e s .  Do n o t  
open w i t h o u t  f i r s t  c o n t a c t i n g  Hughes Buyer a n d / o r  
R e s p o n s i b l e  E n g i n e e r .  R e f e r  t o  HAC PO Number 
shown e x t e r n a l l y  on t h i s  box. 

6 . 0  QUALITY ASSURANCE PROVISIONS 

6 . 1  Genera l .  - The m a t e r i a l s ,  p r o c e s s e s  and assembly t e c h n i q u e s  used 
t o  f a b r i c a t e  t h e  hardware covered by t h i s  s p e c i f i c a t i o n  s h a l l  be s u b j e c t  t o  e x t e n s i v e  
i n s p e c t i o n  and t e s t i n g  by bo th  t h e  S e l l e r  and Hughes A i r c r a f t  Companv. 

6.2 I n s p e c t  ion 

6 . 2 . 1  S e l l e r  I n s p e c t i o n .  - P r o d u c t  q u a l i t y  a s s u r a n c e  J h a l l  be p ro -  
v i d e d  by t h e  S e l l e r  by a s e r i e s  o f  i n - p r o c e s s  i n s p e c t i o n s  coinmencinglwith r e c e i p t  
of r a w  mater ia ls ,  and p a r t s  and c o n t i n u i n g  th rough  t h e  f i n i s h e d  p r o d h c t .  The s e l e c t -  
ed  i n s p e c t i o n  p o i n t s  s h a l l  have t h e  a p p r o v a l  o f  HAC. A r e c o r d  s h a l l . b e  m a i n t a i n e d  o f  
a l l  i n s p e c t i o n s  and be s u b j e c t . t o  review by HAC. 
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6 .2 .2  HAC Source I n s p e c t i o n .  - The Hughes- A i r c r a f t  Company s h a l l  ae 
i t s  o p t i o n  p r o v i d e  i n s p e c t i o n  t o  a d e q u a t e l y  mon i to r  t h e  S e l l e r ' s  q u a l i t y  c o n t r o l  
e f f o r t  i n c l u d i n g  i n - p r o c e s s  i n s p e c t i o n  and i n - p r o c e s s  t e s t s .  The complete  hardware 
may be s o u r c e  i n s p e c t e d  by HAC t o  a s s u r e  t h a t  t h e  p roduc t  conforms t o  a l l  t h e  r e q u i r e -  
ments s p e c i f i e d  on t h e  a p p l i c a b l e  drawings and s p e c i f i c a t i o n s  and may i n c l u d e  w i t -  
n e s s i n g  o f  a c c e p t a n c e  t e s t s .  

I .  

6 . 2 . 3  . R e j e c t e d  Assemblies .  - R e j e c t e d  a s s e m b l i e s  s h a l l  no t  be r e s u b -  
m i t t e d  f o r  a p p r o v a l  w i t h o u t  f u r n i s h i n g  f u l l  p a r t i c u l a r s  conce rn ing  t h e  r e j e c t i o n ,  
t h e  measure t a k e n  t o  overcome t h e  d e f e c t s ,  and t h e  p r e v e n t i o n  o f  t , h e i r  f u t u r e  
o c c u r r e n c e .  Each r e j e c t e d  assembly s h a l l  be i d e n t i f i e d  by a s e r i a l i z e d  r e j e c t i o n  
t a g .  T h i s  r e j e c t i o n  t a g  s h a l l  n o t ' b e  removed u n t i l  rework r equ i r emen t s  have been 
complied w i t h ,  and t h e  t a g  s h a l l  be removed o n l y  by, o r  i n  t h ;  p r e s e n c e  o f ,  a n  
a u t h o r i z e d  r e p r e s e n t a t i v e  o f  HAC. 

7 .O INFORMATION 

7 . 1  Exc lus ion  of Viskon Absorbe r .  - Because t h e  p l a t e  s p e c i f i e d  
h e r e i n  u t i l i z e s  t e f l o n  f i b e r s ,  no Viskon a b s o r b e r  is  n e c e s s a r y .  Any p r o t e c t i v e  cov- 
e r i n g  a p p l i e d  t o  t h e  z i n c  p l a t e  s h a l l  be r e a d i l y  removable w i t h o u t , d e t r i m e n t a l  
e f f e c t  upon t h e  p l a t e .  
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